the help of a new original technique using the low-temperature ionic substitution.' The copper and hydrogen contents are determined by absorption spectra measurement by visible and infra-red regions.
I
-7 CWF68 Fig. 1 . Irradiation intensity dependence of the saturated refractive index change €or waveguides with the various copper content: 1-1.2 at.%; 2 -0.25 at.%. the help of a new original technique using the low-temperature ionic substitution.' The copper and hydrogen contents are determined by absorption spectra measurement by visible and infra-red regions.
The experimental investigation has indicated that photorefractive response dependence on laser irradiation intensity J has a pronounced threshold character in the range of intensities from 0.3 up to 10 W/cm2, when:
where: ud, uph -dark-and photoconductivity; p -photoconductivity constant; 2-absorption coefficient on laser wavelength X. For lithium niobate crystals the condition U w/cm':ph A11 experiments were performed at the A = 632.8 nm line of a HeNe laser. The laser beam had extraordinary polarization, and the measured refractive-index changes are always the extraordinary saturation values. It is established that, beginning from the certain threshold intensity J,, a strong increase of the photorefractive response amplitude (i.e., An, -saturated refractive index change) with the growth of J is observed (Fig. 1 ). This increase is in contradiction with the expected intensity independent Ans, which was usually predicted from the photovoltaic model of the photorefraction:
where: k is the quantum efficiency of the photovoltaic effect (Glass constant). For intensities smaller than Jt no intensity dependence was observed. The measured values of An, are in agreement with the photovoltaic model.' The largest values are obtained for waveguides with a large copper content due to k increase.'
The Jt value strongly depends on the copper content in the waveguides. At the maximum copper content C , , , G 4 at.%, which can be reached with low-temperature doping technique, the Jl value is minimal and equals 0.3 W/cm'. At the copper content decreasing from C,,, to 0.1 at.%, the J, value monotonically increases up to 10 W/cm'. Simultaneously with J, increase a decreasing of value a(An,)/aJ at J > Jt takes place.
Analogous changes of An, were ob- W/cm') was observed. This photorefractive response rise was unexpected. In fact, the additional effect is independent from the iron concentration and it is also independent from the laser spot size; it is only determined by the laser intensity. Moreover, simultaneously with the An, change a time dependence change for the photorefractive response is observed.
At J < Jl the time dependence for An is described by simple exponential function
where: T is the characteristic time, and the TI value is constant.
However, at J > J, the time dependence for An becomes more sophisticated and with high accuracy may be described by means of biexponential function. At subsequent J increase, when J* >> J, the time dependence for An again acquires the simple exponential state with characteristic time T*. At the same time T*J* = const, but T*J*/rrJ = 0.05-0.18 in dependency on the copper content (Fig. 2) . The mechanism for the sharp decreases of the characteristic time at intensities larger than the threshold is yet to be clarified.
To explain the measurements it is suggested that polarization field due to the photoexcitation of impurity dipoles3 could give change to the observed photorefractive effect. The difference between the two characteristic times T and T* can probably be connected with the difference between the charge transfer process in the local regions within photoexcitated deflect-induced polarization clusters and the process in the main crystal structure. The possibility of some experimental results explanation by twocenters photovoltaic model4 was taken into consideration. In recent years the idea of coupling between incoherent beams has attracted a great deal of attention. A number of photorefractive conjugators and oscillators have been proposed"' with the doublephase-conjugate mirror (DPCM)3 and its modified version, the double-colourpumped-oscillator (DCP0)4, as one of the most popular ones. In both of these configurations, two new beams are simultaneously self-generated due to the interaction of the two mutually incoherent input beams. Our work has aimed at investigating the full potential of the DCPO as an oscillator for cross-coupling multiple single-frequency waves. The standard configuration has been modified by adding a third incident beam, giving rise to generation, in total, of four new oscillation beams ( Fig. 1) . We have investigated different arrangements using either two or three different input wavelengths from Ar' lasers and infra-red laser diodes, both with and without mutual coherence between two of the input beams. The intensity and wavelengths of all interacting beams have been monitored. Theoretical analysis, based on modified standard four-wave mixing theory,' has enabled us to calculate the power of the oscillation beams and compare with experimental results.
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We have found that the prominent factor in the generation of oscillation beams is the geometry of the interacting waves. It is possible for the three input beams to interact simultaneously to produce four oscillation beams, provided that there are two regions of interaction inside the crystal. Each grating induced in each of these regions is responsible for diffracting only the two respective input beams into the two generated oscillation beams; there is no coupling between the interaction regions. The particular position of the interaction regions in the crystal determines whether a pair of oscillation beams originating from it experiences "competition," i.e., a decrease in power due to the presence of an additional input beam. The other pair, from the other region, can stay relatively unaffected by the presence of additional beams. For example, the power of one of the oscillation beams will increase until saturation with increasing power of one of the input beams creating it (Fig. 2) . If an additional beam is present, this dependence is the same, but the power of the oscillation beam is lower. Theory and experiment are in good agreement, in this case. The interesting, fragile coexistence of oscillation beams can be easily destroyed if the input beams overlap, and hence share just one region. According to the theory if there is a single interaction region for all the beams, all the oscillation beams cannot coexist, i.e., only one pair of oscillation beams can be present at one time.
We have aIso investigated the stability of oscillation beams using infrared laser diodes, two of them unisolated, as input sources. It can be observed that the diodes can "lock" to each other via backward propagating oscillation beams. As a result the intensity of the generated oscillation beams can become unstable. The problem of injection locking and mutual coherence between beams is to be a subject of further investigation. being an effective and widely used scheme to conjugate beams of different laser sources is still a puzzle from the viewpoint of a mechanism of its operation in PC mode. In this report we present experimental and theoretical arguments which undoubtedly indicate that an intermediate fanning is responsible for PC mode of DPCM. The experiments have been carried out with Ce-doped (0.01 Wt.%) SBN:60 Fystal of 4.2 X 7 X 10 mm3 size with C-axis along biggest facets. This sample was pumped from opposite sides by two mutually incoherent plane beams of rather large diameter, about 2.5 mm at the Ar-ion laser wavelength X = 0.488 k. A variable parameter was an angle 0 between the axes of this beams in air. Pump beams powers were maintained at approximately equal level, about 70 mV.
At small angles 0 2 5" when the pumps were nearly counterpropagating, the DPCM generation reveals itself in the form of the whole cones' in the angular space so that no PC takes place. At higher angles a bright spot that corresponds to purely PC-reflected beams appear as well so that both PC components and the cones are present together. Further increase of 0 results in DPCM generation into PC components only without any traces of the cones.
The only interpretation of the PC component appearance we h o w was reported in Ref. 3 where it was attributed to two-wave mixing processes between separate angular components of those cones. We failed to explain the experimental results presented below using this model.
At Fig. 1 brightnesses of both the cones and the PC component in a steady state are presented as functions of the angle 8. At the same figure angular dependences for a buildup time for both components are drawn. One may see that an optimal geometry for the cones generation corresponds to the angle = 259 while for the PC components the optimal angle is approximately two times higher. We performed additional measurements of fanning angular distribution for a single pump in the conditions of extra illumination by orthogonally polarized beam to decrease overall fanning efficiency to identify this angle Om as the angle Om = (krD)-', where rD is Debye radius, of maximum two-wave mixing gain r,. It means that the optimal conditions of PC components generation correspond to the geometry when the directions of most efficient fanning for both pumps are faced to each other (Fig. 2) .
We believe that the PC components are generated in the following manner. When the fanning waves F+(?) and F-($ for both pumps P, and P-, respectively, (see Fig. 2 One has to point out three key features of the process discussed. First, finescale structure of wide angular fanning waves doesn't allow any angular deviations from perfect PC conditions, and thus this mechanism is responsible just for PC components generation and doesn't touch other components at the cones. Second, new channels of generation imply the presence of spontaneous seed of the fanning waves F, and F-and disappears if the fanning effect is negligible. As a rule a back reflection of fanning waves by the opposite facets for wide beams pumping results in a strong fanning enhancement so that a relative seed level can be estimated as E = X2e-2aL -where R is a reflectivity of the facets at normal incidence, a -absorption coefficient, and L -crystal thickness (4.2 mm in our case). Third, an effective seed epc for PC components generation corresponds to a diffraction limited diver- 
